tissues, most particularly in the cortex, where they re- 
and all mutant receptor populations, we introduced tionale for such substitutions was to increase side chain length compared to the initial alanine substituthree alternative nonpolar substitutions at T690, mutating this residue to valine, isoleucine, or leucine. The ration, in an attempt to affect glutamate binding to a expected if the contribution to whole-oocyte currents from the all mutant NR1/2A H128SN614KT690I receptors is negligible. Indeed, in parallel experiments with cells NR1/2C component was 93.9% ± 0.2% (n = 3, data not injected with only NR1 and NR2A H128SN614KT690I subshown) inhibited by 1 mM Mg at −80 mV, but nonetheunits, currents were over 100-fold smaller (at 24 hr) than less still accounted for w14% of the residual wholewere those from cells expressing all three oocyte currents in Mg ( Figure S1 ). Increasing the extersubunit types, indicating that the likely contribution nal Mg concentration to 3 mM and/or hyperpolarizing to whole-oocyte currents from the all mutant NR1/ cells to −100 mV did not significantly increase block 2A H128SN614KT690I receptors is less than 1%. As expected, (n = 3, data not shown). repeating the glutamate concentration-response curves in 1 mM Mg virtually abolished the high-affinity (NR1/2A
Quantification of Zn Inhibition of NR1/2A NMDARs wt) component, leaving an almost pure triheteromeric with Only One Active NTD Zn Binding Site receptor population with an EC 50 corresponding to that As described above, after coinjection of wt NR1 and of the low-affinity component in the absence of Mg NR2A cDNAs along with the NR2A H128SN614KT690I cDNA, (EC 50 = 4.0 ± 0.8 mM; relative area, 98% ± 5%; n H = a pure triheteromeric NR1/2A/2A H128SN614KT690I recep-0.86 ± 0.06; n = 6).
tor population with only one active NR2A-NTD Zn bindExactly the same principle was used to isolate NR1/ ing site per receptor can be isolated by recording cur-2A N614KT690I /2B or NR1/2A N614KT690I /2C receptors folrents in 10 mM glutamate, 100 M glycine, and 1 mM lowing coinjection of NR1, NR2A N614KT690I , and NR2B or Mg at −80 mV. Under these conditions, triheteromeric NR2C cDNAs (see Figure S1 in the Supplemental Data NR1/2A/2A H128SN614KT690I receptors were inhibited by available with this article online). However, we could not Zn in a concentration-dependent manner. Notably, inhientirely suppress the contribution to whole-oocyte curbition was evident even at low nanomolar concentrarents from NR1/2C wt receptors with Mg. NMDARs tions ( Figure 4A ). The Zn inhibition curve was biphasic, containing the NR2C subunit are known to be less senwith a first high-affinity component in the nanomolar sitive to Mg block than are NR2A-or NR2B-containing receptors (see Dingledine et al., 1999). In our hands, the concentration range (IC 50 , 28.6 ± 8.1 nM), much like Figure 6B) . However, the ifenprodil inhibition of triheteromeric receptors was biphasic, the both applied to NR1/2A N614KT690I /2B receptors, occupation of the two available NR2 NTD sites (Zn on the high-affinity component having a plateau at 20.6% ± 1.1% compared to 94.2% ± 1.9% for NR1/2B wt recep-NR2A N614KT690I subunit and ifenprodil on the NR2B subunit), will lead to restoration of high-efficacy inhibition. tors. Thus, as seen for Zn inhibition, it appears that receptors with only one NR2B-NTD binding site for ifen- Figure 6C shows an example of just such an experiment. When 3 M ifenprodil is applied in a background prodil show a modest change in IC 50 , but a large change in the extent of inhibition.
of 100 nM Zn, the observed inhibition caused by ifenprodil is doubled (36.7% ± 2.5% of the residual current) compared to that with ifenprodil alone (18.5% ± 0.4%).
Inhibition of Triheteromeric NR1/2A/2B Receptors by Ifenprodil and Zn Is Superadditive
The same is true if 100 nM Zn is applied in the presence of 3 M ifenprodil (48% ± 1.8% inhibition compared to The observation that triheteromeric receptors with only one binding site for a particular NTD ligand retain high 27.7% ± 0.8%, data not shown). The average results from four cells are shown in Figure 6C ( Figure S2 ). Zn concentrationroscopic on rate is slower in the triheteromeric recepinhibition curves in these cells are almost identical to tors, while washout is more rapid (Figures 7B and 7C) . those recorded from NR1/2A/2A H128SN614KT690I recepOn average, the τ on was doubled from 3.9 ± 0.3 s (n = tors. Together, these findings indicate that the T690I-7) in NR1/2B wt to 8.9 ± 0.7 s (n = 11) in triheteromeric mutation does not affect the ability of NTD ligands to NR1/2A N614KT690I /2B receptors, while the macroscopic inhibit NMDARs, suggesting that our current findings off rate (τ off ) was slightly more than halved from 78 ± 8 are directly applicable to native triheteromeric assems (n = 4) for NR1/2B to 29 ± 5 s (n = 8) for triheteromeric blies. 
receptors. It is not unexpected that the macroscopic

